Magnetic resonance imaging of ferumoxide-labeled mesenchymal stem cells seeded on collagen scaffolds-relevance to tissue engineering.
Mesenchymal stem cells (MSCs) are a promising candidate cell for tissue engineering. Magnetic resonance imaging (MRI) has been proven effective in visualizing iron-labeled stem cells; however, the efficiency of this approach for visualization of cells seeded on scaffolds intended for use as tissue-engineered heart valves has not been assessed. MSCs were labeled by incubating for 48 h with ferumoxide and poly-L-lysine as transfecting agent. Any detrimental effect of iron labeling on cell viability, proliferation, and differentiation was examined using appropriate functional assays. Change in the nuclear magnetic relaxation properties of labeled cells was determined using in vitro relaxometry of cells seeded in 3-dimensional collagen gels. Images of labeled and non-labeled cells seeded onto 1% type I bovine collagen scaffolds were obtained using MRI. The presence of intracellular iron in labeled cells was demonstrated using Prussian blue staining, confocal microscopy, and electron microscopy. Cell viability, proliferation, and differentiation were comparable in labeled and non-labeled cells. The T2 relaxation time was 40% to 50% shorter in ferumoxide-labeled cells. Labeled cells seeded on scaffolds appeared as areas of reduced signal intensity in T2 weighted images. Ferumoxide labeling persisted and remained effective even on scans performed 4 weeks after the labeling procedure. Ferumoxide labeling of human MSCs seeded on collagen scaffolds is an effective, non-toxic technique for visualization of these cells using MRI. This technique appears promising for cell tracking in future tissue-engineering applications.